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ABSTRACT

Thirteen species of blackflies were found in
the central Adirondacks during the spring and summer
of 1S50*
to man.

Only four species of these were "annoying"
For practical purposes, only two groups are

present in sufficient numbers to warrant control mea¬
sures.

These two are Slmullum (Proslmulium) hlrtlpes

Fries and the Slmulium (Slmulium) venustum Say - Simulium (Slmulium) perissum D. & S. complex.
DDT Impregnated plaster of parls blocks, when
used to give DDT concentrations that averaged 0.0003
p.p.m. or more for 24 hours, reduced larval blackfly
populations in large,

swiftly-flowing streams nearly

100$ for at least lj miles below the treatment point
for periods varying from 33 days to more than 70 days.
Higher dosages, applied at shorter space intervals, are
apparently required in small streams.
Arthropods sensitive to DDT are only slightly
affected by block treatment of streams at concentrations
of 0.0003 p.p.m. for 24 hours.

Some reduction was noted

at 0.0005 p.p.m. for 24 hours, and serious reduction was
caused by dosages of 0.004 p.p.m. or more for 24 hours.
No fish or frog injury was noted during these
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treatments.

Small salamanders were found dead,

in one

instance, in a stream treated with a concentration of
0.006 p.p.m. DDT emulsion for 48 hours.
Helicopter spray with DDT oil solution, at con¬
centrations of about 0.1 pound per acre, when dispersed
in i-mile swaths, reduced the larval blackfly population
in the one large stream examined before and after treat¬
ment almost 100$.

It was ineffective in three smaller

streams in the spray area.

Travis and De Foliart checked

11 streams scattered throughout the spray area (including
three of the four mentioned above) and found that the
spray was about 85$ successful in eradicating blackfly
larvae.

At this concentration there was no apparent

decrease In the population of other stream fauna.
At least two stream treatments per year will
probably be necessary in the central Adirondacks to
prevent annoying species of blackflies from breeding
during the blackfly season.
Previous to 1949 the only large scale blackfly
control work in the town of Webb had been helicopter
fogging against the adult flies.
but expensive.

This was effective

Helicopter fogging was continued in

1949 and 1950, when it was,

in effect,

’'superimposed*'

on the larval control measures in the area around and

ill

near Old Forge.

In these sectors, where both larval

and adult control measures were in use,

the nuisance

from blackflies was conspicuously reduced*

BLACKFLY CONTROL IN THE CENTRAL ADIRONDACK^

Introduction

The Adirondack mountains of New York are justly
famed for their beauty.

Much of the region is forested

and has numerous streams and lakes.

During the summer,

the days are only moderately warm and the evenings are
pleasantly cool.

3ecause of these, and other advantages

the Adirondack region has come to be one of the chief
summer resort areas of New York.
Unfortunately, the swift mountain streams that
attract many anglers and add to the scenic beauty are
also ideal breeding places for blackflies.

These flies

are bothersome primarily during the months of May and
June.

During this period they are present in large

numbers, viciously attacking both man and beast.
The bite of a blackfly,

if felt at all, usually

causes only a slight momentary itching sensation.

The

fly feeds for well over a minute before it becomes en¬
gorged.

After it leaves, one can usually find a small

red hemorrhagic circle around the puncture.

The black¬

fly bite, unlike many other fly bites, often bleeds
freely following the departure of the fly.
According to Dr. R. Lindsay, a physician in Old
Forge, who has had considerable experience in dealing
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with the effects of blackfly bites, there is consider¬
able variation in the response of different individuals
to these bites.

Some people are nearly immune, while

others suffer immoderately from a few bites.

In most

persons the bite produces a typical allergic reaction.
Around the wound there appears a pruritic urticarial
wheal of varying intensity.

With additional bites there

is an increase in the reaction; the whole area may be¬
come swollen, hot and edematous.

At times the bites may

raise large blisters.
Along with these local reactions, there is a
general reaction varying in intensity with the number
of bites and the sensitivity of the individual.

Head¬

ache, fever, nausea, and swelling of the lymph glands
may occur.

This condition is generally of short duration,

usually 48 hours or less, leaving no after effects except
for the glandular enlargement which slowly subsides.
The most important result of blackfly bites may
be secondary infection.

Commonly,

scratching of the

bites produces skin infections varying from a simple
pustule to a deep cellulitis.

In regions where the

flies are abundant, children are frequently seen with
a mass of purulent, scabrous lesions of the scalp.

- 3 -

At least 13 species of blackflies are found
in the central Adirondack^.

These include:

1.

Slmullum (Prosimulluip) hlrtlpes Fries

2.

Simulium (Suslmulium) aureum Fries

3*

Simulium (Eusimulium) quebecense Twlnn

4.

Simulium (Eusimulium) mutatum (Mall.)

5.

Slmullum (Slmullum) vittatum Zett.

6.

Simulium (Simulium) corbis Twinn

7.

Simulium (Simulium) decorum Walker syn. Simulium
(Slmullum) ottawaense Twinn

6*

Simulium (Slmullum) venustum Say

9.

Slmullum (Slmullum) perlssum D. and S.

10.

? Slmullum (Slmullum) multidentatum Twinn

11.

Sp. 27 Stone

12.

Simulium (Simulium) hydationis D. and S.

13.

?

Nov. sp.

Only four of these species found in the Adirondacks annoy man to an appreciable extent.
Fries is the most annoying as a biter.

S. hlrtlpes

S. venustum Say

and S. perlssum D. and S. bite much less frequently, but
they often swarm about the head; flying into the eyes,
mouth, and nose and crawl over the surface of the face
and neck.

Even though these species bite less frequently
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than S. hlrtlpes Fries, they can become very annoying.
The fourth, which, according to Dr. Alan Stone, of
the U.S.N.M., may be a new species, was caught only
rarely in net collections of annoying blackflies.
After the first week in July, blackfly adults were
rarely seen, although the streams contained many lar¬
vae and pupae of S. venustum Say and S. perissum D. & S.
During the period when blackflies are attracted to
humans, outdoor activities often become unpleasant and
sometimes well-nigh impossible.

The main source of

revenue in the town of Webb, the tourist business, is
almost negligible in May and June, due, at least in
part, to the annoyance caused by blackflies.

It can

easily be seen that extensive blackfly control measures
are warranted from the strictly financial viewpoint, to
say nothing of the personal comfort of the inhabitants.
Until the advent of the newer organic insecticides
and new methods of insecticide application, it was
thought that these flies could not be controlled with¬
out extensive injury to other fauna.
however,

In recent years,

it has been demonstrated that these flies can

be killed without extensive injury to most other animals
or plants.

Because of these developments, and because

of an especially bad fly year in 1947, a group of

business men from the town of Webb contacted the State
Entomologist to see if there was any practical method
of controlling blackflies in their region of the Adir¬
ondack^.

This inquiry led to the beginning of the

blackfly control program now in its third year.

Purpose and Procedure of the Blackfly Control
Investigation
The basic purpose of the blackfly control inves¬
tigation, during 1950, was to determine the effectiveness
and safety of control measures in current use in the
central Adirondacks.

The main portion of the investiga¬

tion deals with larval blackfly control and the effects
of this control on other stream fauna.

Adult control

measures were studied to a lesser degree.
A preliminary investigation was made by Dr. D.
L. Collins, Acting State Entomologist, and Mr. H. Jamnback
during the first week in April.

During this period, black¬

fly larvae and pupae were collected from many streams in
the area to determine what species are present as larvae
and pupae in the early spring.

The investigation proper

began during the last week in April and continued until
mid-August.
Stream treatment was carried out by the town of
Webb during the last week of April and the first week of
May by two methods; first, a helicopter was used to

spray DDT solution at a concentration of about 0.1
pound per acre over the relatively inaccessible area
to the west of Old Forge, where it was known that many
blackflies were breeding.

The second method incorpo¬

rated the use of DDT emulsion impregnated in plaster
of paris blocks as suggested by Frevost ( 20) •

The

latter method was used in the Adirondacks in 1949 with
some apparent success.
During the period from May 10 to May 28, 1950,
six test streams were treated with blocks or portions
of blocks.

These streams were checked before treatment,

after treatment, and at regular intervals thereafter
until mid-August or until the streams became too low
to be satisfactorily sampled.

In this way, it was

hoped that the effectiveness of stream treatments, the
injury to stream fauna due to treatments, the duration
of effects of the treatments, possible delayed action
of insecticide used, time required for repopulation, and
similar studies could be carried out.
Due to the fact that the program was endorsed
enthusiastically by most of the local citizens, neighbor¬
ing communities such as Blue Mountain Lake treated their
streams with DDT impregnated blocks.

This, unfortunately,

limited the scope of the investigation by reducing the
number of streams available for experimental work.

Once
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the streams were treated by volunteers or town laborers.
It became almost Impossible to find out when, where,
and how many blocks were put into a particular stream.
Adding to this difficulty was the fact that even those
streams that had not been treated were shared with Mr.
Gene De Foliart of Cornell University, who is investi¬
gating the biology of the blackflies in the central
Adirondacks.
Control of adult populations was carried out
by application of DDT fog with TIFA* ground operated
fog machines and with helicopter fitted with TIFA fog¬
ging equipment.

Investigation of the combined results

of larval and adult control in reducing fly populations
was carried out by making adult blackfly population
estimates inside and outside of the control area.
Development of the Blackfly Control
Program in the Town of Webb
The first comprehensive study of the blackfly
control problem in the Adirondack region was made in
1929 (15, 16).

It was initiated by Dr. Robert D. Glasgow,

then State Entomologist, at the request of a large number
of Adirondack businessmen.

The general conclusion of

this study was that little could be done to control black* TIFA: Todd Insecticidal Fog Applicator manufactured by
the Combustion Equipment Division of Todd Shipyards
Corporation.

-
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fly populations economically with the materials and
methods then available.
In the fall of 1947, the Hotel Association of
the town of Webb, after a particularly bad blackfly
season,

set up a Committee on Blackfly Elimination,

which went to Albany to confer with Dr. Glasgow.

At

that time. Dr. Glasgow felt that with newly developed
materials and methods local elimination of blackflies
would be possible, practical, and financially profitable
from the point of view of the inhabitants of the area.
Before large scale control measures could be un¬
dertaken it was necessary that legislation permitting
these measures be enacted.

The town of Webb Committee

on Blackly Elimination was instrumental in having Bill
2531, Int. 2333,

"An act to amend the public health law

in relation to mosquito and insect control," introduced
and passed in the state legislature.

This bill was ve¬

toed by the governor because of certain ambiguities.

In

March of 1948, a modified bill with the same title was
introduced in the legislature, passed, and signed by the
governor.

This new law amended the public health law of

New York by adding a new section (Section 21-d, Chapter
577) that reads as follows:
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21-d.

Mosquito and insect control.

The board of health of a town or village may take all
necessary and proper steps for the control of mosqui¬
toes, flies, blackflies, punkies, ticks, and other
insects detrimental to health within their jurisdiction
which may require community action for their destruction
or control.
2.

This act shall take effect immediately.

Then the Committee, with the advice and active par¬
ticipation of the State Entomologist’s office, proceeded
to arrange for the helicopter fogging, the first step in
comprehensive control program.

Larval Blackfly Control
Previous to 1945 there had been only a few at¬
tempts made to control blackflies by destroying the lar¬
vae and none of these were continued on a practical basis.
Methods suggested before that time included removing
twigs and stones to which the larvae are attached or
sweeping the larvae from these surfaces with a stiff
broom (22).

Application of miscible and non-miscible

oils proved to be effective for short distances when
large amounts were poured into a stream (18, 28).

Fish

injury was noted in these experiments, but injury to in¬
sect fauna other than blackfly larvae was not considered.

10

Fig, 1 - Map of Old Forge and Big Moose
showing the extent of control
operations•
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The pioneer work of Fairchild and Barreda
(3) In 1945, aroused a great deal of interest in large
scale larval control work.

They found that dosages of

as little as 0.1 p.p.ra. of DDT, applied ever a 60-min¬
ute period, would effectively destroy blackfly larvae.
Since that time, much experimental work has been done
with various insecticides and methods of application
in an effort to find easy and inexpensive methods of
larval blackfly control.
The following chart gives a summary of the
chemicals found by various workers to be effective
larvicides and the dosages needed.
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Table I.

Effective Larvicidal Dosages vs, Blackflies
Stream tests*

Chemical

Ref.

Concentration

Time

Application

DDT emulsion
DDT emulsion
DDT emulsion
BHC emulsion
TDE emulsion
DDT emulsion
DDT solution
DDT wettable powder
DDT solution
DDT emulsion
DDT emulsion
DDT solution
DDT solution
DDT emulsion
DDT acetone solution
DDT wettable powder
DDT fuel oil solution
Gamma BHC emulsion
Gamma BHC acetone sol.
Chlordane emulsion
Chlordane acetone sol.
Chlordane fuel oil sol.
DDT solution
DDT solution

3
4
14
14
14
10
10
10
10
19
19
7
7
6
6
6
6
6
6
6
6
6
1
25

0.1 p.p.m.
1.3-35.6 p .p.m.
it
0.2
it
0.2
ii
0.05
ii
0.1
ii
0.1

60 min.
ii
30
it
10
ti
10
ti
10
it
30
ii
15
it
20

"poured in”
dripper
dripper
dripper
dripper
graduate
sprayer

it

0.075
0.26#/acre
0.1 p.p.m.
0.1-6.2 p. p.m.
0.2#/acre
0.l#/acre
0.7 p.p.m.
0.3
"
1.0
"
0.4
"
4.0
”
0.3
"
4.0
0.5
"
0.5
"
0.13
"
0.l#/acre

24 hr s.
ii
48
15 min.
it
15
ti
15
tt
15
ii
15
it
15
it
15
ii
15
ii
15
ii
15
it
15
tt
36

sprayer
airplane
dripper
plaster block
airplane
airplane
dripper
dripper
dripper
dripper
dripper
dripper
dripper
dripper
dripper
airplane
helicopter

Chemicals found by researchers to be either less ef¬
fective than most of those listed above or much more toxic to
other stream fauna:
(14) pyrethrum, chlordane, caustic soda, chlorinated lime,
(10) toxaphene, pyrethrum, piperonyl butoxide preparation,
(6) DDT kerosene solution, toxaphene, pyrethrum, dimethyl
phthalate, n-butyl mesetyl oxide oxalate, mono and dimethyl
naphthalenes,
(27) methoxychlor, toxaphene, chlordane, dieldrin, aldrin,
1,2,4, trichloro-benzne, parathion
DDT and gamma BHC were found to be outstanding as blackfly
larvicides.
TDE appears to be more effective than either DDT
or gamma BHC on the basis of a single report.

* The results of flume test were not summarized because blackfly larvae show more resistance to the larvicides under these
test conditions (14,
6).
Steward (24) found in flume tests
that gamma BHC was twice as effective as DDT as a blackfly
larvicide.

- 13 Methods of Larval Blackfly Control Used In the
Central Adirondack^
In the Adirondacks, blackfly larvae breed in numerous,
and often quite Inaccessible,

streams.

The number and loca¬

tion of these streams make any but the most efficient and
simple methods of stream treatment impossible both from the
financial and physical standpoints.
Two methods of larval control have been used on a
large scale in the recent past with some apparent success.
Beginning in 1949, the DDT Impregnated plaster of paris block
devised by Fairchild and Barreda and adapted and modified by
Prevost (20) was used.

(See fig. 2.

)

Each block contains

about 1.1 ounces of DDT in xylene with an emulsifier added.
These blocks dissolve in about 24 hours if placed in swiftly
flowing water.

Dosages of as little as 0.0003 p.p.m. for

24 hours proved to be effective larvicldes.

The concentra¬

tion seems unbelievably low until the low duration of treat¬
ment is considered.

If,

for purposes of comparison,

it is

assumed that the time concentration curve for effective
control approximates a hyperbola, and that concentration X
time = K; then it becomes apparent that the dosage is not
extraordinarily low.

Bee comparisons below:

DDT emulsion Fairchild & Barreda . K = 6.

&

"

M

Kindler

Regan . K = 2

”

M

Jamnback.. K = 0.432
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Fig. 2, Placing a DDT-impregnated plaster
of paris block in a stream*
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In addition it must be noted that this figure
gives the average concentration for the 24-hour period
of treatment.

The concentration during the first few hours,

when the blocks first begin to dissolve,

is probably much

greater than the average concentration for 24 hours.
The plaster block method has some advantages; there
is no need to spend long periods applying the larvicide,
there are no drip cans to clog,

it is not as easy to over¬

dose accidentally a stream, and unskilled help can be used
in treating streams.

The main disadvantage of this method

is that it is almost impossible adequately to supervise the
treatments.

There is often a strong temptation, on the

part of both volunteers and paid help, to skip streams
in inaccessible locations or not to begin treatment far
enough upstream.

Another factor to be taken into consider¬

ation is the large number of small, temporary streams that
are easily overlooked but that often are heavily infested
with blackfly larvae.

In spite of these disadvantages the

streams in an area of some 88 square miles were treated by
the plaster block method for two consecutive years, 1949 and
1950.
The second method, stream treatment from the air,
has been extensively used in Canada and Alaska.

Forty-two

square miles near Old Forge were treated in this way for

-

the first time in 1950*
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"DDT solution was applied as a

spray at the concentration of 0.1 pound per acre.

Accord¬

ing to Travis and De Follart ( 2$) the treatment was 85%>
effective in controlling blackfly larvae.

The advantages

of this method over the block method are quite evident;
swift and easy treatment over inaccessible regions is
possible, no streams need to be overlooked or ignored,
there is less danger of using too much insecticide, and
the whole control operation can be more closely controlled.
One disadvantage of stream treatment by air is
that it might be less effective after the leaves come out.
Also,

it should be noted that DDT solution sprayed from a

helicopter at the rate of 0.1 pound per acre in J-mile
swaths, did not effectively eliminate blackfly larvae
from several short, narrow streams.

It is presumed that

this was because the streams ran parallel to and between
the swaths, which possibly were not close enough at those
points.

Whether the same dosage applied in narrower swaths

or more DDT per acre is needed for effective control in
these streams hss not been determined.
Costs of Stream Treatment Used
The comparative costs of stream treatment by heli¬
copter spray and by block treatment are difficult to esti¬
mate.

The cost of helicopter treatment per unit area

will depend on the size of the area treated.

The time

- 17 spent in treating streams is difficult to estimate because
both volunteers and paid labor were used.

Accurate re¬

cords were not kept of time spent in the field by these
men.

An approximation of the relative costs of the two

kinds of stream treatment based on the 1950 control pro¬
gram is given below:
Costs of Application of Blackfly Larviclde
Helicopter Spray Treatment:
42 sq. miles @ $600 = $14.29 per square mile
Block Treatment:
About 88 square miles required approximately 536
man hours to treat, at jbl.00 per hour (for pur¬
poses of estimation) * $336 or $3*82 per square
mile.
Methods Used in Estimating the Effectiveness of
Larval Control
Blackfly larvae are found in riffles of rapidly
flowing streams on rocks, twigs, and grass in swift
i

shallow water and, to a lesser extent, on rocks in deeper
water.

Some species lay their eggs on grass trailing in,

or growing in, the water.

When the eggs first hatch,

large numbers of minute larvae may be found on the grass
blades.

As they develop,

increasing numbers migrate down¬

stream and reattach to twigs,
grass.

logs,

stones or blades of

Since it is difficult to use a square foot bottom

sampler in very shallow water or on the steep banks of many

-

streams,

18
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it was thought that a more accurate picture

of the blackfly larval population could be obtained
by other methods.
Between five and ten stones averaging four to
nine Inches in diameter from situations that experience
had shown to be likely larval habitats were examined for
a '‘sample."

The number of larvae found on these rocks

were averaged and the population estimated in terms of
larvae per rock instead of per unit area.

When larvae

were found primarily on grass, the same general method
was used except that the unit used was a blade of grass
instead of a stone.
Effectiveness of Larval Blackfly Control
Six streams were treated experimentally with
DDT impregnated plaster of paris blocks.

Dosages ranged

from about 0.006 p.p.m. for 48 hours to 0.0003 p.p.m.
for 24 hours.

Two small streams, Townsend Pond Inlet

and an unnamed stream between Wheeler Creek and High
Rock Pond Outlet (called Wheeler Creek-plus 1 in this
report) were intentionally overdosed with concentration
of 0.006 p.p.m. for 48 hours and 0.004 p.p.m. for 24 hours
respectively.

There was extensive injury to insect fauna

in both of these streams and some injury to vertebrate
fauna in Townsend Pond Inlet.

(See - Effects of Stream

Treatment on Fauna Other Than Blackfly Larvae, page 38 .)
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Townsend Pond Inlet is a small temporary stream
about one third of a mile long and averages two feet,
or less,

in width.

along its length.

The nature of the stream varies
The upper portion is shallow and rocky

with alternate pools and falls.

The bottom here is com¬

posed of leaves and decaying vegetation.

Further down,

the stream bottom becomes sandy with many small stones.
Near Townsend Pond it becomes narrower and deeper and
has fine sand on the bottom.

Larvae were found on grass

trailing in the water, on stones, leaves, and twigs.
Before treatment, the larval population was about 6
per grass blade along the grassy part of the stream.
After treatment the blackfly larval population was exter¬
minated below the point of treatment.
during the rest of the season.

They did not reappear

However, this stream dimin¬

ished in size early in the summer and existed only as a
series of discontinuous pools by June 20.

The larval pop¬

ulation above the treatment point increased slightly during
the first part of May, but became quite scarce as the
water receded in the latter part of May.
Wheeler Creek-plus-1 is another small, temporary
stream about one-half mile long.

The bottom consists, for

the most part, of sand with some stones.

There are several

pools along its course where the bottom is made up of leaves

20

and mud.
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Wheeler Creek-plus-1 is 4.3 feet wide and

1.5 inches deep at the sampling point which was about
one-third of a mile below the block site.

It is

somewhat narrower and deeper than this on the average.
This stream was treated with one-third of a block on
May 11.

Before treatment, blackfly larvae in riffles

below the treatment point were present in numbers aver¬
aging 5 per stone.
May 12.

There were no larvae found after

Observations were abandoned July 6 because the

stream was too low for blackfly larvae to exist in it.
Larvae were found above the block site both before and
after treatment.
The "last good strearf1 on the Indian Brook Fire
Trail has a sandy bottom with small and large stones and
little vegetation.

It appears to be a permanent stream

although the flow diminishes greatly during the summer.
It is about 4 feet wide and 8 inches deep.

It was treated

May 27, with one^third of a block or about 0.002 p.p.m.
for 24 hours.

The effects of this treatment were unusual

because the larvae were eradicated for

3

distance of only

one-half mile below the treatment point.

Beyond this the

effect of the treatment diminished from 100^ effective to
0% effective in about 100 yards.

Several larger streams

were treated with much lower dosages which were effective
for more than a mile.

A phenomenon similar to this was
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noted by Prevost (letter to Dr. Twlnn January 16, 1948),
who found that swift streams generally require a propor¬
tionately smaller dosage than slower streams.

In this

case, the maximum velocity was at least as great as
that of larger streams.

It is possible that the aver¬

age velocity is somewhat less, due to the fact that
larger streams have a less interrupted flow,

l.e., there

are relatively fewer pools and eddies and more riffles
and swiftly flowing smooth stretches of water.
High Rock Pond Outlet is a long permanent stream,
averaging about 17 feet in width and 9 inches in depth
one mile below the point of treatment.

This stream is

sandy and marshy near its entrance to Seventh Lake;
farther upstream the bottom becomes sandy with small and
large stones and little vegetation.
mately 0.0006 p.p.m. for 24 hours.

Dosage was approxi¬
One block placed in

the water May 11 eradicated larvae for at least 1^ miles
below the block site until June 28.

Larval blackfly

population was estimated at 6 per stone before treatment
both above and below the point of treatment.

It increased

above the block site during May and part of June to a
maximum of 100 per stone on June 15.

Thereafter the

larval population fluctuated from 50 per stone to rare
until mid-August when observations were discontinued.
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Gradual migration of larvae from above the block site
into the treated area was noted.

Larvae were first

found just below the block site 18 days after treatment,

25 days after treatment they were found about 200 yards
below the treatment point, 35 days later larvae were
found one-fifth of a mile below the treatment point.
Wheeler Greek is another long, permanent stream.
It averages about 11 feet in width and 1.25 feet in depth.
The bottom consists of sand and gravel with numerous small
and large stones.
itself although,

There is little vegetation in the stream
in some places, long grass trails in the

water.

This stream was treated with one-half a block on

May 7*

This represents a dosage of about 0.0003 p.p.m.

for 24 hours.

This dosage did not completely eradicate

the blackfly larvae, but they were found only rarely
after treatment below the block site.

The population 1

mile below the block site was 10 per stone before treat¬
ment and rare for 52 days thereafter.

Larval population

above the block site averaged about 20 per stone during
this period.

During this test it was noted that the

blackfly larvae were completely eradicated from grass
trailing in the water and from stones in shallow water
but they were occasionally found on stones in deeper water.
Eaton Pond Outlet was an unusually warm stream.
the point where the flow was calculated, the width was 6

At
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feet and the depth 10 inches; for the most part the stream
is much wider and slower.

This stream was treated May 24

with two-thirds of a block, giving a concentration of
about 0.0005 p.p.m. for 24 hours.

The effect of this

treatment on blackfly larvae is difficult to evaluate be¬
cause sampling points above and below the block site were
not strictly comparable.

The treatment point was Just

below a dam that was the breeding site for as many as
10,000/ blackfly larvae per stone.

Few larvae were found

one-third of a mile below the block site.

Larval popula¬

tions above the block site increased from 550/ per stone
in May to a maximum of 10,000/ per stone July 10.

One

hundred yards below the treatment point larvae were
present in numbers up to 500 per stone before treatment.
They were not observed here again for 47 days after treat¬
ment.

One-third of a mile below the treatment point larvae

were found to be rare before treatment and did not become
numerous for at least 72 days after treatment.
Four streams were checked in the helicopter spray
area.

Three of these cross the Indian Brook Fire Trail.

In two of these, the third and fourth streams crossing
the fire trail, the stream treatment had no obvious effect
on blackfly larvae.

Both of these streams were narrow

(3 feet or less) and short.

They both lay parallel to

the swaths of DDT spray dispersed by the helicopter.

-
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Since these swaths were one-quarter of a mile apart,
it is probable that these streams received very little
DDT solution.
Indian Brook itself is about 5 feet wide and 1
foot deep.

The bottom consists mostly of fine and coarse

sand with occasional stones.

There is little bottom veg¬

etation but there is some marsh grass trailing in the wa¬
ter.

Two branches of approximately equal size join just

before the stream crosses the fire trail.

The north branch

originates in a large beaver pond; the origin of the west
branch was not determined.

Blackfly larvae were found

in numbers varying from 100/ per stone and grass blade
before treatment.

After treatment, blackfly larvae were

eradicated from grass blades in Indian Brook for 36 days.
Larvae on stones were reduced in numbers from 100/ per
stone to less than 3 per stone until July 7»
The second Okara Outlet was not examined before
treatment but was checked afterwards.

This stream was

examined only a few hundred yards below Okara Lake.

Lar¬

vae were found in numbers averaging about 6 per stone
after treatment.

Many pupae and a few adults were ob¬

served at this time.
DDT oil solution was sprayed over this area at a
concentration of about 0.1 pound per acre in swaths
about one-quarter of a mile apart.

Travis and DeFoliart

(25) estimated that the treatment was about 85^ effective
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using 11 check streams examined before and after spray¬
ing as a basis for their estimate.

These include the

three streams on the Indian Greek Fire Trail mentioned
above but not the second Okara Outlet.

They recommend

swaths one-eighth of a mile apart instead of one-quarter
of a mile apart using the same concentration per acre for
increased effectiveness in eliminating blackfly larvae.
Table II.
Summary of Effective Larvlcldal Dosap.es against
Blackflies Based on Stream Tests in the Central Adirondacks
Chemical
DDT emulsion
II

It

It

II

It

tt

It

tl

It

It

II

solution

Concentration

Time*

Application

Effectiveness

0.006 p.p.m.
0.004
"
0.002
M
0.0006
H
0.0005 "
0.0003
"
0.1 #/acre

48 hrs. Plaster block \QO?0 (overdose)
it
ti
it
it
24 tt
it
it
24 it
" for i mile
ii
it
it
it
tt
24
/ "
tt
ti
it
it
it
24
it
ii
tt
24
i
"
99/ "
.
Helicopter
85%

41/

* Time for total disintegration of plaster of paris
block.
The Effect of DDT in Streams on Blackfly Larvae
There is some question as to how DDT causes the
elimination of blackfly larvae.

The effect of DDT on these

larvae and on other Insects found in streams is probably
quite similar.

(See Effect of Stream Treatment on Arthro¬

pods Other Than Blackfly Larvae, Townsend Pond Inlet, page
38 .)

Uncoordinated movement,

inability to remain attached

normally and apparent general irritation, typical symptoms

"

-
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of DDT poisoning become apparent shortly after stream treat¬
ment begins.

The blackfly larvae often let themselves down¬

stream on long silken threads attached, at the upper end,

to

the surface to which they were previously clinging, before
being carried away by the current.

When they are finally

swept downstream by the action of the stream, they are car¬
ried to pools, eddies, or large bodies of still water.

Black-

fly larvae are not normally found in still water, possibly be¬
cause these places contain insufficient food, too much silt,
or because of other unfavorable environmental factors. Blackfly larvae carried to these bodies of still water cannot leave
under their own power because of incoordination due to the
action of the DDT.

It seems probable that if they are not

killed directly by the DDT they could not survive in the
unfavorable environment of these pools.

Most other aquatic

arthropods, on the other hand, can normally live, at least
for a time,

in pools.

Other arthropods are also,

in general,

more motile and can escape from these pools more easily.
If the effects due to the DDT are not permanent or of long
duration,

these other arthropods may recover.

(See section

on Effect of Stream Treatment on Arthropods Other Than
Blackfly Larvae, Wheeler Creek-plus-1, page 39.)
When Streams Should Be Treated to Control Blackfly Larvae
Only four of the species of blackfly found in the
central Adirondacks are annoying to man.

These are S. hirtipes

-

27

-

Fries, 3. venustum Say, S. perlssum D. & S. and a ? new
species .
common.

The first three of these are by far the most
A study of the relative proportions of larval

collections during the period from April to mid-August,
of 1930, reveals that larvae of S. hlrtloes Fries are very
abundant in the early spring and that larvae of S. venusturn
/

Say and S. perissum D. Sc S.

(considered as a single complex

because of difficulties in separating the two species) are
very rare until later in the spring.

(See Figure 3.)

Treatment in late April and early May, therefore, destroys
the S. hlrtioes Fries larvae, but does not injure the S.
venusturn Say / S. perissum D. Sc S. complex which do not
hatch in appreciable numbers until the middle of May.
Therefore, an additional treatment about the middle of Kay
to destroy the developing S. venusturn Say and S. oerissum
D. & S. larvae is desirable.

One treatment,

in the middle

of May alone, would be inefficient because many of the S.
hirtipes Fries larvae pupate before this time and would not
be affected by stream treatment.

It is possible that this

treatment, if carried out over a large enough area, would
make adult control measures much less necessary.
These data are corroborated by the fact that stream
treatment between April 30 and May 3 was effective,

in most

Btreams, only a few weeks, but stream treatment between
May 8 and May 25 was effective until June 28, close to the

28

100

April
Figure

May

June

July

Seasonal relative abundance of annoying blackfly species (larvae).

Actual numbers collected shown in table 3. Figures do not include S.(S.)
decorum Walker from dam spillways.
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end of the blackfly season.

Details are given in the

following list:
Stream

Treatment Date Date when larvae were first
found after treatment

Third Lake Creek
Bald Mt. Pond Outlet
Salmon River
Indian Brook
Loon Brook*
Bear Brook**
Wheeler Creek
High Rook Pond Outlet
Wheeler Creek-plus-1
Eaton Pond Outlet

ca. April 30
ca. April 30
c a. April 30
May
3
ca. April 30
ca. April 30
8
May
May
12
May
12
May

25

June 2
June 8
June 12
June 8
July 10
July 10
June 28
June 28
(July 6

last date checked;
no larvae)
(August 4, last date checked;
no larvae)

* No blackfly larvae were found in Loon Brook before
treatment.
** Bear Brook was not checked before treatment.

The following table (Table III) is included to
show the relative proportions of the various species of
blackfly larvae collected in the central Adirondacks.
The collection was separated into 9 half-month periods
to show how the different species of blackflies increase
or decrease during the course of the spring and summer.
The first and third headings include all of the blackflies
that are annoying as adults.
man.

The rest are harmless to
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Effect of Stream Treatment on Arthropods
Other Than Blackfly Larvae*
There has been little investigation of the effects
of stream treatment on arthropods other than blackfly
larvae.

Hoffman, Townes, Sailer, and Swift (12) found

that DDT in oil solution, applied at the rate of 0.25
pound per acre, killed 90f0 of the insect stream popula¬
tion.

Hoffman and Surber (ll) noted that DDT in the

form of wettable powder killed about 7C$ of the stream
fauna when applied at concentrations of 1 pound per acre
by airplane (0.39 #/acre landed on streams).

Gaddis

flies and mayflies were injured to a greater extent than
other stream fauna.

Surface insects were not injured to

any important extent.
Hocking, Twinn, and McDuffie (10) found,

in a

collection of vegetation on the edge of a stream previously
treated with 0.48 pound per acre of DDT solution, 2600
specimens of 37 different families,
was desirable to kill.

only two of which it

(This includes adults and immature

forms both aquatic and non-aquatic.)

An oil solution of

DDT at a concentration of 0.1 p.p.m. for 30 minutes was
applied by hand sprayer to two other streams.

Gross

stream screens were used to collect insects affected by
the treatment.

Complete counts were not made, because of

* Throughout this section of the paper the forms referred
to are naiads or larvae unless otherwise specified.
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the great amount of material collected in this way.

Ran¬

dom counts indicated that an unusually large number of
Crustacea were affected.

Plecoptera, Ephemeroptera,

Trichoptera, Tipulidae, Simuliidae, Chironomidae, Empididae,
Dytiscidae and Dytiscid adults were noted in the collection.
Arnason, Brown, Fredeen, Hopewell, and Rempel (l)
found that DDT solution, with an emulsifier added, sprayed
at the rate of 0.13 p.p.m. for 36 minutes caused an Q6.2%
reduction of arthropods other than blackfly larvae 1.25
miles downstream and a 6.9% reduction 17 miles downstream.
Gjullin, Cope, Quisenberry, and DuChanois (6)
determined that the maximum non-lethal dosage for caddis
fly larvae was 5 p.p.m.

DDT emulsion for 15 minutes, 10

p.p.m. DDT acetone solution for 15 minutes, and 10 p.p.m.
DDT fuel oil solution for 15 minutes.

The maximum non-

lethal dosage of gamma BHC was determined to be 10 p.p.m.
for 15 minutes as an acetone solution.

It was found to be

very toxic when used as an emulsion, 0.1 p.p.m.
minutes being the maximum non-lethal dosage.

for 15

Chlordane as

an acetone solution was non-lethal at 10 p.p.m.

for 15 min¬

utes.
G-arnham and McMahon (4) treated two streams in
Kenya 13 times over a six-month period at concentrations
varying from 1.3 p.p.m. or less to 35*6 p.p.m. for 30 min¬
utes with DDT emulsion.

Immediately after treatment ceased,

-
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only leeches, crabs, and snails were found in the stream.
Many types of aquatic life had returned to the treated
stream 3 months after the last application.

Aquatic life

found at this time included: Ephemeroptera,

Odonata, Culi-

cidae, Corixidae, Gyrinidae and Hydrometridae.
Testing; Methods Used to Determine the Effects of Stream
Treatment on Arthropods Other Than Blackfly Larvae
Since no established technique for studying the
effects of insecticides in lotic environments was available,
it was first necessary to adapt and devise appropriate
methods.

At first it was believed that the methods listed

below would be accurate and efficient:
a. Quantitative and qualitative samples of pools and
riffles at various points above and below the point
of treatment.
b. Similar samples 24 hours later, 48 hours later, and
weekly thereafter for the rest of the season.
c. Gross stream nets set up 24 hours before treatment,
contents collected before treatment, net replaced
just before treatment and contents collected 24 hours
later.
Several modifications in technique were adopted after
field trials showed that some of these methods were not
practical or accurate enough for large scale, continuous
observations and collections.

In practice, qualitative and

-
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quantitative samples were taken from riffles only,

be¬

cause pools were often deep and inaccessible or almost
entirely absent from a stream.

Pool samples contained

so much debris that an inordinate amount of time would
have to be spent in separating insects from the extraneous
material.
The practice of stretching a net across a stream
was also abandoned after a few attempts.
eral reasons for doing so.

There were sev¬

First, the amount of time

spent in putting the net in place,
supports, was considered too great.

frequently with leg
Second, even though

a coarse mesh screen was put in front of the collecting
screen to keep out large twigs, leaves and similar mater¬
ial, a great deal of debris was collected along with the
arthropods.

This debris made lone, tedious separating

work necessary.

Finally, flash floods during the night

often would destroy whatever quantitative value these
collections might have.
The method finally adopted to determine what
changes occur in the fauna carried downstream when an in¬
secticide is added is much quicker and easier than the
use of cross-stream nets.

A square foot bottom sampler

(see Figs. 4 and 5) was placed for five minutes in a
swift portion of the stream that was under observation.
At the end of this period the sample was removed and the
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Fig. 4, Taking a square foot sample
of a riffle.

56

FIs. 5, Taking a five-minute test sample.
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contents of the net were collected.

There is a striking

difference in the net contents between tests made before
and immediately after treatment.

Apparently the action

of the insecticide causes the arthropods that are affec¬
ted by the treatment to detach and be carried downstream.
This method is similar to that used by Hoffman and
Surber in 1945 (ll).

Hereafter in this paper this oper¬

ation is termed a "Five Minute Test."
In practice the observations made on a typical
stream were:
a.

A square foot riffle sample at various distances
below the block site.

b.

A five-minute test below the block site.

c.

A quantitative estimate of the number of blackfly
larvae in the stream.

d.

A square foot riffle sample above the block site.

e.

A five-minute test above the block site.
These operations were repeated at the end of the

treatment period and at regular intervals thereafter.
Since it was possible in this way to compare similar areas
above and below the point of treatment before and after
actual application, the inference is then made that if
these areas had similar species and similar population
densities before treatment, any differences between them
later would be due to the stream treatment.
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In sampling work of this nature it is important
to know the habits of the insects involved.

For in¬

stance, blackfly larval populations often cannot be
determined accurately by bottom sampling because some
species prefer grass blades that trail in the water on
the edges of streams; others prefer very shallow,

swift

water flowing over rocks; and still others are often
found in somewhat deeper water where the current is less
swift.
Effects of Stream Treatment on Arthropods Other Than Blackfly
Larvae as Indicated by Square Foot Samples in
Treated Streams
Townsend Pond Inlet was treated with 0.006 p.p.m.
DDT emulsion for 48 hours.

It soon became apparent that

this was a heavy overdose.

Five minutes after treatment

began, Plecoptera were seen drifting helplessly in the
current.

They could be seen coming from their normal habi¬

tats, under leaves, sticks, and stones into the open.
movements appeared to be uncoordinated,

Their

swimming was erratic.

Their bodies arched backwards and many drifted downstream
venter upwards.

Most of these Plecoptera were found dead

and decaying 11 days later in pools, where they had apparently
been carried.

Forty-eight hours after treatment began many

Tipulids were found crawling about in the pools, many Limnophilids had lost their cases and were lying helplessly on the
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pool bottom, occasionally moving their legs and twisting
their bodies in a very feeble manner.

Many of the

smaller Trichoptera were dead in 48 hours.

The larger

Trichoptera, the Tipulidae and the Plecoptera were almost
all dead 11 days later.
It seems likely that both blackfly larvae and
other stream fauna are not killed directly by the DDT.
Interruption of the normal functioning of the nervous or
muscular system causes them to be carried downstream from
their normal environment.

For the most part, they become

lodged in pools or eddies or are carried into a pond or
lake.

Death results if the arthropod in question does

not recover before starvation or if the pool does not con¬
tain enough oxygen to support life or, possibly, they may
be eaten by fish or other predators in great numbers be¬
cause of their exposed position and Inability to move nor¬
mally.
Wheeler Creek-plus-1 was intentionally overdosed
May 11 with 0.004 p.p.m.DDT emulsion for 24 hours.

Square

foot riffle samples taken one-third of a mile below the
treatment point indicate that the entire arthropod stream
population Wr,s completely eradicated with the exception of
water-mites and crayfish.

A single specimen of the order

Plecoptera was found here 11 days after treatment in the
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riffle.

None were found after this date until June 28.
Before treatment, 41 Plecoptera were collected in

a square foot riffle sample.

Pool samples below the

treatment point at this time indicated that there were
only about 8 Plecoptera per square foot pool sample.

At

the end of the treatment period there were over 300 Ple¬
coptera per square foot of pool.

At this time, all the

Plecoptera were alive although they showed the effects of
DDT poisoning.

Eleven days after treatment, about one-

third of those collected from the pool bottom were dead.
Eighteen days later many dead Plecoptera were observed
and collected here.

Many live and apparently normal Ple¬

coptera were collected in pool samples 29 days after treat¬
ment .
The fact that many of these insects affected by
the DDT survived is of interest because it was believed,
at first, that all arthropods obviously affected by the
DDT, and being helplessly carried downstream by the cur¬
rent, were either dead or dying.
The "last good stream" on the Indian Brook Fire
Trail, a small unnamed stream, was treated with a dosage
of 0.002 p.p.m. for 24 hours.
would be a slight overdose.

It was believed that this
However, blackfly larvae were

eradicated for only one-half mile below the block site.
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Square-foot riffle samples above,

just below,

one-half

mile below, and one mile below the block site indicate
that there was no extensive injury to stream fauna any¬
where in the stream.

The stream

population of arthropods

other than blackfly larvae was reduced by about two-thirds
l/2 mile below the block site.

The stream populations

apparently increased back to pre-treatment levels in less
than three weeks.

(See table IV.)

A possible explanation

of the relative ineffectiveness of 0.002

p.p.m. DDT

emulsion for 24 hours in this stream is offered in the
section dealing with larval blackfly control.
A dosage of 0.0006 p.p.m. DDT emulsion in High
Rock Pond Outlet eradicated blackfly larvae for at least
li miles below the block site.

Square-foot riffle samples

were taken above, 1 mile below and l-£ miles below the
block site.

A decrease in the stream population in all

three locations was first noted 12 days after treatment.
After this date the stream population of arthropods other
than blackfly larvae above the block site increased grad¬
ually but with great fluctuations.

Stream population in

riffles below the block site decreased for 18 days, re¬
mained about stationary for slightly over a week, then
gradually increased, remaining, for the most part, well
under the population above the point of treatment until

- 42 Table IV.
Numbers of live arthropods other than blackfly
larve in square-foot riffle samples taken above and below
the treatment points before and after treatment.
Date> of
Observation

Location with reference to block. site
Above
Below. 1/3 mile

WHEELER CREEK-PLUS-1
May 11*
22
29
June 10
2a

46

Dosage
of DDT

0.004
p.p.m.
for 24
hours

2
■X

c;

LAST GOOD STREAM (on Indian Brook Fire Trail)

May 27*
30
June 8
14
21
27,
July
9

Above
47
26
21
21
14
8
—

Below, l/2 mile
10
15

Below,

1 mile
w~

28
15
21
58
65
28

-

—

0.002 p.p.m.
for 24
hours

HIGH ROCK POND OUTLET

May 11*
22
29
c
June
j
9
15
20
28
6_
July
17
1
Aug.

Above
20
11
36
16.
39
43
25
54
55
23
63

Below. 1 mile
9
5
5
2
13
3
13
16.
11
16

Below,

li- miles
24“
11
5
5
5
14
18
16
33
35
21

0.0006
p.p.m.
for 24
hours

EATON POND OUTLET
Above
May 24*
31
June 12
26
July 10
21
Aug.
2

33
61
60
41
70
78
240

Below,

100 ft.
32
16
64
68
-

-

Below, l/3 mile
28
4
12
—
73
60
28

0.0005
p.p.m.
for 24
hours

* Date treated. Samples were taken before treatment on these
dates.

-

Date of
Observation
WHEELER CREEK
May 7*
11
22
29
June 9
15
20
28
J uly
6
17 (
Aug.
1
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Location with reference to block site
Above
Below, 1 mile
23
97
58
60
20
33
84
74
82

10
17
23
16
44
53
61
51
86
30
17

Dosage of
DDT

0.0003
p.p.m. for
24 hours

INDIAN BROOK (sprayed area)
April 30*
May
9
20
30
June
8
15
27
July
7
Aug.
3
* Date treated.
dates.

Below
“51
45
22
17
66
8
46
81
62

0.1#/acre

Samples were taken before treatment on these

-
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at least mid-August (See Table IV).
Eaton Pond Outlet was treated with 0.0005 p.p.m.
DDT emulsion for 24 hours.

The population of this stream

increased rapidly above the block site during the summer.
There was a decrease in riffle populations for about
three weeks below the block site.

Then the stream pop¬

ulation below the treatment point increased rapidly
surpassing for a time, that above the block site.

(See

Table IV).
Wheeler Creek was treated with a dosage of 0.0003
p.p.m. for 24 hours.

Blackfly larvae were not eradicated

but were found very rarely after treatment.

Populations

of other stream fauna did not decrease after treatment
(See Table IV).
The stream fauna in Indian Brook,

in the helicopter

spray area, excluding blackfly larvae showed an increase
a week after treatment.

There was a slight decrease in

this population for a short time thereafter, probably
due to causes other than stream treatment.

(See Table IV)

Results of Stream Treatment as Indicated by
Five-Minute Tests
Five-minute tests were made by placing the square
foot bottom sampler in a swift part of the stream for five
minutes, catching a representative sample of the organisms
being carried downsteam during this period.

The method

-
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was essentially the same as that used by Hoffman and
Surber (ll),

in 1945.

Five-minute tests made before

treatment in numerous streams indicated that anywhere
between 0 and 8 arthropods normally would be caught in
this fashion before treatment.
2 and 3 per test.

The average was between

The number collected by this method

during and immediately after treatment was much greater.
As many as 3640 arthropods were caught in the net in a
five-minute period after a dosage of 0.006 p.p.m. DDT
for 48 hours.

At first it was believed that most of

the organisms being washed downstream eventually die.
In Townsend Pond Inlet, which was heavily overdosed, most
of them apparently did.

Many of the Plecoptera carried

downstream after treatment in less heavily treated streams
apparently recover.
In streams receiving small but effective dosages
a maximum of 157 arthropods were caught in five-minute
tests at the end of the treatment period.

Plecoptera:

Nemourldae, Leuctridae; Ephemeroptera: Baetidae, Heptageniidae; Trichoptera: Hydropsychidae, Philopotoamidae; Diptera:
Tipulidae, Simuliidae; Coleoptera: Parnidae, and Parnid
adults were found in these collections.
The purpose of the five-minute tests was, originally,
to find out what organisms in a treated stream are killed.
It was believed that this method is more efficient than
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using a net stretched across the stream for 24 hours.
Fauna collected In five-minute tests should be placed
in troughs with uncontaminated water to see what per
cent will recover from the effects of various dosages
of larvicide.

By running a large series of mortality

tests of this nature,

it might be possible to determine

what the ultimate extent of injury due

to treatment

will be by taking five-minute tests before and after
treatment and comparing the mortality rate of the arthro
pods collected in this way to that of arthropods collec¬
ted from untreated streams when placed in uncontaminated
water.
Relative Sensitivity of Arthropods to
Stream Treatment with DDT
Arthropods found dead in heavily overtreated
Townsend Pond Inlet after treatment include: Plecoptera,
Leuctridae, Nemouridae; Ephemeroptera*, Ephemerella;
Trichoptera, Limnophilidae; Diptera, Simulildae, Chironomidae, Tipulidae; Coleoptera, Elateridae ?, Dytiscid
adults.

This stream was treated at the rate of 0.006

p.p.m. for 48 hours.

Adult G-erridae, Hydracarina, and

annelids were apparently unaffected.
Wheeler Creek-plus-1, treated with 0.004 p.p.m.
for 24 hours contained dead Plecoptera, Leuctridae and
* Few mayflies found in this stream before treatment.

-
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Nemourida; Diptera, Simulildae, Chironomidae and Tipulidae; and Trichoptera, Limnophilidae.

Adult Gerrids,

Hydracarina and immature crayfish were observed alive
and active shortly after treatment.
A list of the relative susceptibility of aquatic
arthropods commonly found in streams derived from obser¬
vations at these two heavily treated streams and three
streams treated with much smaller dosages is given below:
Very Sensitive
Diptera
Simuliidae
Plecoptera
Leuctridae
Nemouridae
Trichoptera
Limnophilidae
Ephemeroptera

Moderately Sensitive
Diptera
Tipulidae
Chironomidae
Coleoptera
Dytiscid adults
Elateridae
Parnid adults
?* Odonata
?•* Neuroptera
?•* Large Plecoptera

Not Sensitive4**
Hemiptera
Gerridae adults
Acarina
Hydracarina
Decapoda
Astacldae
Diptera unidentified
Diplopoda

Limitations of Population Samples in Streams
in Determining the In.jury Due to
Blackfly Larvicldes
Stream faunal populations normally fluctuate
greatly, especially during spring and summer.

Mass emer¬

gences of mayflies, stoneflies, and caddlsflies, hatching
of egg masses, and similar phenomena make suspect any but
the most general interpretation of quantitative or quall?* Not present in large enough numbers to determine sensi¬
tivity accurately.
** Not sensitive to dosages of DDT used in these experiments.
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tatlv© data.

Taking the data as a whole, we can see

that dosages of about 0.003 p.p.m. are almost Ideal in
the large streams, killing most of the blackfly larvae
and little else.

Dosages of 0.0005 p.p.m. and 0.0006

p.p.m. for 24 hours injure some of the other stream fauna,
but, as far as can be determined, even the most sensitive
groups are not reduced to a great extent.

Dosages of

about 0.004 p.p.m. for 24 hours are harmful to many
arthropods and are no more efficient in eradicating blackfly larvae than much smaller dosages.

Stream treatment is

effective for a shorter distance in small streams than
in large streams.

The time required to return to nor¬

mal stream populations after an overdose was not deter¬
mined because both of the heavily treated streams turned
out to be temporary in nature.
Effects of Stream Treatment on Fish,
Fropr.s, and Salamanders
Fish were observed in only two of the experimentally
treated streams.

There was no apparent damage to fish in

High Rock Pond Outlet; trout were observed both before
and after treatment of 0.0006 p.p.m. for 24 hours.

Small

and large trout were observed in Indian Brook both before
and after treatment by helicopter spray at a concentration
of about 0.1 pound per acre.

In no case were dead fish

found after a stream treatment.
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Other workers have found that DDT is not toxic
to many fish, even at concentrations of as high as 25
p.p.m. for 30 minutes.

Trout are more sensitive to

the effects of DDT than most fish.

Even they are not

injured by DDT in concentrations of less than 2 p.p.m.
for 10 minutes as an emulsion or as a solution by con¬
centrations up to 30 p.p.m.

for 15 minutes.

The con¬

centrations of insecticide used in the Adirondacks
ranged from 0.006 p.p.m. for 48 hours to 0.0003 p.p.m.
for 24 hours.

At these concentrations no injury to

fish could be observed.
Table VI.

Reported effects of blackfly larvicides on
fish.

Chemical

DDT xylene
solution
DDT fuel oil
solution
DDT acetone
solution
Chlordane acetone sol.
G-amma BHC acetone sol.
DDT emulsion
TDE emulsion
DDT suspension
DDT solution
BHC
DDT emulsion
DDT emulsion
DDT wettable
powder

Effect

Dosage
(p.p.m.,)

Time

6

Toxic

5

15 min . Trout

6

None
!.

10

15

Ref.

Fish

ii

ti

ti

ti

ii

ii

ii

ii

6

ii

30

15

6

ii

20

15

6
14
14
1
10
27
19
4

it

10
2-3
5
25
0.17
0.05
0.1
1.3-35.6

15
it
10 ti
ii
10 ii
common river fish
30 it
ti
suckers, pike
15
ti
grayling fry
15
24 hrs trout
30 min.unspecified

11

Toxic
None
ii
it
ii
it

Toxic
n

0.36#/acre

Small mouth bass,
suckers, stone
rollers
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Live and active frogs were noted in Townsend
Pond Inlet (0.006 p.p.m. for 48 hours) after treatment;
frogs and tadpoles were noted in Wheeler Creek-plus-1
(0.004 p.p.m. for 24 hours).

Streams with much lighter

dosages of DDT (High Rock Pond Outlet and Wheeler Creek)
had frogs before and after treatment.

Frogs were also

noted in the helicopter spray area before and after
treatment.

In no case were dead frogs found after

treatment.
Dead salamanders were found in only one stream
after block treatment.
48 hours.)

(A dosage of 0.006 p.p.m.

for

Three inch-long salamanders were found dead

in pools 11 days after treatment.

It is possible that

they died as an effect of stream treatment.
Adult Blackfly Control
Little work dealing with adult blackfly control
was done previous to 1943.

Before that time, the only

control measures used were repellents such as pennyroyal
citronella and various homemade concoctions.
Monroe et al.

In 1943

(17) found that blackflies were very sens!

tive to pyrethrum aerosols in closed chamber tests.
The first reports of large scale fogging opera¬
tions against adult blackflies were made in 1948.

Pre-

vost (21) after observing fogging operations in New York
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and Canada, came to the conclusion that fogging with
a TIFA machine in small areas affords scarcely any
relief.

Its use in an area of 50 acres, however, may

give relief for a few hours.
Wilson, Applewhite,

and Redinger (29) found

that heavy ground operated aerosols were of only limited
effectiveness in areas that were not throughly accessible
to these machines.

In an area containing a single road,

10 test areas, with fronts up to one-half mile, were
fogged at rates of about 0.21-0.25 pound of DDT per acre.
Blackflies reinvaded the treated area in less than 24
hours.

In the above mentioned tests, a Hession genera¬

tor and a modified Besler were employed.

The solution

used in the former was 5$ DDT in fuel oil, and in the
latter 25 gallons of Navy fog oil, 15 gallons of fuel
oil, 8 gallons of Velsicol AR-60, and 25 pounds of DDT.
Goldsmith et al.

(5) noted that,

in plots up to 130 acres

in size, DDT fuel oil solution sprayed with ground opera¬
ted power equipment, blackflies were reduced 99.8$ for
24 hours when dosages of about 0.34 pound per acre were
used.

Reinfestation, from surrounding untreated areas,

began 48 hours after treatment.

Four days after treat¬

ment, the blackfly population had reached pretreatment
levels.
Collins,

(2) found that all available evidence
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indicated that satisfactory blackfly control was accom¬
plished by the use of DDT fogs dispersed by helicopter
over a large area.
Methods of Estimating Adult Blackfly Populations
In most of the literature dealing with adult
blackfly control experiments outside of the laboratory
the difficulties in evaluating the effectiveness of treat¬
ment are stressed.

For the purpose of this report,

those species which annoy man are considered.

only

Adult col¬

lections of these species were made by catching the flies
in the act of biting, crawling on the clothes, or flying
about the head, neck and body.

Populations estimates of

these species are likely to be inaccurate if factors such
as relative humidity, temperature,

sunlight, wind, air

pressure, time of day and similar physical factors are not
considered.

In order to avoid, as much as possible,

in¬

accuracies due to the above mentioned factors, numerous
observations were made during the period from May 5 to
August 15.
groups,

These observations were divided into five

each group covering a half-month period.

The

average number of blackflies counted per observation and
the number of observations were recorded.

In this way,

average populations for 15 to 16 day periods were deter¬
mined from May to mid-August.
divided into four categories;

The population counts were
inside the Old-Forge-Thendara

-

control area,
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Inside the Big Moose control area,

in

marginal control areas, and outside of the control
area.
Adult populations were estimated and sampled in
the following ways:
a. An approximation of the number of adults flying
about the head and body after remaining in one
spot for 10-15 minutes*
b. The number of flies caught with five directed
sweeps with a small hand net*
c. The number of flies caught in one minute using
a small hand net*
After a number of trials,

it became evident that

the first and second methods were comparable.

About one

fly was caught in five directed sweeps of the hand net
for every five flies estimated to be flying about the
body.

The approximation method gives a quick and easy

method of estimating blackfly populations.

It was felt

that further refinements in estimating adult blackfly
populations would probably be no more accurate unless all
the factors influencing blackfly activity were considered.
The net collections were used primarily to obtain speci¬
mens and only secondarily as a check on the approximations.
Annoying Species of Blackflies
The four annoying species of blackflies found in
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the central Adirondacks emerge at different times
during the season and reach their peaks of abundance
at different times during the season.

(See Figure 6.)

The first annoying blackflies to emerge in the
early spring are S. hlrtipes Fries.

In 1950, the first

S. hirtioes Fries in the vicinity of Old Forge emerged
about May 6 from an unusually warm stream.

The vast

majority of individuals of this species emerged during
the last half of May.

During June they were still present

in moderately large numbers.

They became quite scarce by

the first part of July.
During May, the S. venustum Say-S. nerissum D. & S.
complex was present in moderately large numbers.

These

species became dominant in June and were bothersome until
the end of June.

After June 30, adults of this group

were rarely seen, although larvae and pupae of these
streams were present in large numbers in many of the
streams during the entire summer.

It was apparent from

the fluctuations of blackfly populations in the streams,
that adults were constantly emerging during the summer. The
reason for their loss of interest in humans during the lat¬
ter part of the summer has not been explained as yet.
A few unidentified adults of one other species
were collected along with the other annoying blackflies.
However, this species was found only rarely and in a limited
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Figure 6« Seasonal relative abundance of
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annoying blackfly species (adults).
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area;

it is probably not important enough to consider

when planning control operations.
Annoying blackflies were very numerous from midMay until mid-June in the central Adirondacks during 1950.
The annoying period begins quite suddenly and ends only
slightly less abruptly.
Of the four species of blackflies found to be
annoying in the Adirondacks, only S. hlrtipes Fries and
the S. venustum Say-S. perissum D. & S. were caught in
act of biting humans.

Twenty-six blackflies were collec¬

ted in the act of biting, 21 of these were S. hlrtipes
Fries and 5 were S. venustum Say-S. perissum D. & S.
Effectiveness of Adult Blackfly Control Measures
It was not possible to determine the effectiveness
of adult control operations per se.

It is, however, pos¬

sible to show that the combined control operations reduced
adult blackfly populations in the treated areas.
Effectiveness of Combined Larval and Adult
Blackfly Control Measures
The first control area included Old Forge and
Thendara; it extended up around First Lake to Eagle Bay
on the north and to Third Lake Greek on the south side of
the lake.

This area was almost fly-free during the whole

blackfly season.

The Big Moose control area centered

-

around Big Moose Lake.
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No blackfly adults were found

In this control area until the early part of June.
However, they were numerous here, st times, during
June.
Adult blackflies were present in large numbers
outside of these control areas and in marginal control
areas from the middle of May until the middle to late
June.
A summary of the number of adult blackfly popu¬
lation counts and the average number of blackflies seen
per count in these areas from May 16 to June 15 is given
below.
Location

No. of Counts

Inside of control area
Old Forge-Thendara
Big Moose
Marginal Control areas
Outside control areas

Avf.. No. Flies oer Count

51
15
31
78

1.20
4.00
5.71
6.42

The fact that fewer annoying blackflies were seen
in the Old Forge-Thendara area than in the Big Moose area
is probably due to a combination of factors.

Adult control

operations in the Old Forge-Thendara area were carried out
with both ground and helicopter fogging equipment; only
ground equipment was used in the Big Moose area.

The

relative inaccessibility of most of this area prevented
thorough applications of fog over a wide area when only
ground equipment is used.

Another, and possibly more impor
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tant factor,

is that the Old Forge-Thendara area is

isolated from adjoining untreated areas by high ridges
on the north and south, by a lake on the east, and by
a treated barrier strip three miles wide and 14 miles
long on the west*

The Big Moose area is much leds iso¬

lated from adjoining untreated areas.

Further studies

of the migration habits of blackflies is a prerequisite
for more detailed analyses of the success of control oper¬
ations .
The fact that annoying blackflies become abundant
later in the season in the control areas than in un¬
treated areas,

(see Figure 7) indicates that these adults

probably developed in reinfested streams in the control
area.

Whether these streams were reinfested by blackflies

that were in the relatively resistant egg stage when the
stream was treated, or from the eggs of migrating females
was not determined.

Larval population studies discussed

earlier in this paper seem to indicate that the S. venustum
Say-S. perissum D. & S. complex hatch after the early spring
treatment.

There also appears to be some evidence that

female blackflies tend to lay their eggs in the streams
from which they emerge (19).
considered,

A final factor that must be

is the relatively small number of counts in

the Big Moose area.

This was due,

in part, to the fact

that some streams in the Big Moose area were nottreated

Estimated Numbers of Blackflies

6.0

FiRure 7.-

The effect of control operations on adult populations of annoying
blackflies.

-
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and so observations taken in the vicinity of these
streams cannot be considered inside of the control area.
There was also a tendency to make population counts here
only when the blackflies were reported to be "bad."
Marginal areas considered include Loon Brook,
Bear Brook, Salmon Rivef,

Indian Brook, Eagle Creek and

areas adjacent to these streams.

Adult flies in these

regions were as abundant, and at times, more abundant,
than in regions clearly outside of the control area.
Annoying blackflies outside of the control area and in
marginal control areas were abundant from mid-May to midJune.

They were present in much smaller numbers until

mid-July.

During the blackfly season there was no de¬

crease in the blackfly populations in marginal control
areas, but there was a sharp decrease in blackfly popu¬
lations within the control areas.

This would seem to

indicate that blackfly adults of annoying species migrate
to only a limited extent, probably only a few miles under
normal conditions.
were, at times,

It is noteworthy that the blackflies

just as abundant at points more than a

mile downstream from the nearest possible breeding area
(that could be located) 5s at the breeding area itself, but
they were much less numerous a few hundred yards to the
sides of the stream near the breeding area.
non was noted many times.

This phenome¬

It would seem that most black-

-
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flies tend to migrate along the length of the stream
instead of migrating away from the stream.
so,

If this is

it is doubly important to make sure streams are

treated all the way up to the source.
Cost of Blackfly Control Measures
Adult blackfly control by means of helicopter
dispersed DDT fog is apparently effective when used over
a large area (2).

It is more expensive than spraying

for larval blackfly control because, fogging, to be
effective, must be done at speeds of not more than 10
miles per hour.

Spraying,

on the other hand,

done at speeds of 60 miles per hour.

Further,

is commonly
it is

necessary to fog a control area at intervals of a few
days to a week in order to obtain good control (2),
whereas only two treatments per season would probably
be sufficient for larval control.
During 1950, adult blackfly fogging operations
cost $6000.00.
were typical,

If we consider that spraying costs in 1950
i.e., $14.29 per square mile, then two stream

treatments per season, over an area equal in size to that
treated by DDT sprays plus that treated by DDT impregnated
plaster of paris blocks,

in 1950, would cost about $3700.00.

If we compare the cost of fogging for an entire season with
the cost of two sprays over the same area, we find that, for
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88 square miles of control area, the cost of fogging
was $6000.00 or more and for spraying would be about

$2500.00.
DDT impregnated plaster of paris block stream
treatment is about one-fourth as expensive ($3*82 per
square mile) as stream treatment by helicopter.

However,

there are many inaccessible streams that may easily be
overlooked during treatment or that may be improperly
treated.

Adults from these streams might possibly re¬

infest treated streams much more quickly than blackfly
adults from points outside of the control area.

The

additional expense of stream treatment with a spray
might be justifiable, provided that the blackfly lar¬
vae in short, narrow streams are effectively killed
by this treatment.

Swaths of DDT solution at a con¬

centration of 0.1 pound per acre laid down one-quarter
of a mile apart proved to be unreliable in streams of
this nature in 1950*
Conclusions and Recommendations
Control of blackflies by stream treatment with
DDT impregnated plaster of paris blocks has been shown
to be effective in eradicating blackfly larvae from
streams.

DDT oil solution sprayed by helicopter at a

rate of 0.1#/acre was an effective blackfly larvicide in
large streams when laid down in swaths of 4 of a mile
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apart but was not effective in some small streams that
flowed parallel to and between the swaths.

Early spring

treatment of streams in the central Adirondacks will
eradicate larvae of S. hirtipes Fries but does not affect
most of the S. venustum Say-S. perlssum D. & S. which are
in the egg stage until after this time.

After the S. hlr-

tlpes Fries larvae are eradicated it is necessary to
treat the streams a second time to eliminate the S. venus¬
tum Say-S. perlssum D. & S.
sidered a typical year,

larvae.

If 1950 can be con¬

stream treatments should take

place during the last week in April and during the second
or third week in May.

Larval populations in the streams

should be checked to determine the time of treatment
each year.

The first treatment should take place before

the S. hlrtlpes Fries larvae begin to pupate,

the second

after the S. venustum Say-S. perissum D. & S. hatch and
before they pupate.
Plaster

block treatment is often more difficult

to carry out effectively because many small streams may be
overlooked and treatment is difficult to control.

Heli¬

copter spray treatment is easier to control and small
streams will not be overlooked (assuming that narrower
swaths are more effective than the one-quarter mile
swaths used in 1950).

The second treatment, however,

should
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be made before the foliage comes out to be completely
effective.
16.

In 1950 the foliage came out on about May

If this year is typical, treatment just after

the snow is out of the woods and again just before
the foliagd^omes out would probably be effective in
eliminating immature blackflies from treated streams
for the entire blackfly season.

Even though two stream

treatments per season are more expensive than a single
one they would be less expensive in the long run because
there would be less need for adult control operations.
Stream treatment with dosages adequate for ef¬
fective control of blackfly larvae does little or no
damage to other stream arthropods, even temporarily.
Slight overdoses may temporarily reduce stream populations
but these soon return to pre-treatment levels.

The effect

of heavy dosages has not been extensively studied, but
G-arnham and McMahon (4) report that even after dosages
of as high as 35*6 p.p.m.

for 30 minutes with DDT emul¬

sion many types of aquatic life had returned three months
after the last application of insecticide.
Recommendations for Future Control Investigations
An investigation of the effects of TDE, gamma BHC
and a few other insecticides, when used in plaster of parls
blocks for stream treatment,

is desirable because of the

-
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‘

possibility that larvicides safer and more effective
than DDT may be found.

The possibility that blackfly

larvae may become resistant to low concentrations of
DDT makes this study doubly important.
A study of the migration habits of annoying
blackflies would be important in determining how wide
barrier zones should be to successfully control blackflies by stream treatment alone.
Further study of the biology of annoying species
to find more specific and inexpensive control measures
is desirable.
An investigation of the effects of fogging on
stream fauna and on aerial and terrestrial insects
other than blackflies is important if the over-all effect
of fogging on the biology of the region is to be deter¬
mined.
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APPENDICES

- A 1

Expenses of the Blackfly Control Project In the Town of Webb
January 1,

1948 - December 31»

1948.

From the Annual Report of F. W. Burdick, Supervisor
of the town of Webb.

Town General Fund
Fly Control
Trucking oil and DDT
Expenses
Labor
Bell Aircraft Corp.
Socony Vacuum Corp.
Geigy Co., Inc.
Spray Outfit

$

Total

158*75
146.53
269.19
4,916.67
500.00
1,383-13
54.90

17,429.17

In addition to this amount about $4000.00 was donated to
the fund by the hotel owners for publicity time and ferry
time.

The helicopter contract with Bell Aircraft @ $50.00

per hour including ferry time.
minutes flight time for fogging.
120 hours in all,

Ninty-eight hours and 20
The helicopter was used

including publicity and ferry time.

Total cost about $11,400.00 for 1948 season.

January 1,

1949 - December 31. 1949.

From the Annual Report of F. W. Burdick, Supervisor
of town of Webb.
Health Fund Disbursements
Fly Cohtrol
Truck
$1,000.00
Payroll
1,773.00
Sovacide and DDT
4,375*54
Fuel, goS and supplies
494.92
Helicopter and crew
6,000.00
Legal
27*20
Labor and repairs
14.18
Hose
296♦00
Total

$13,980.84

- A 2

The cost of three TIFA fog applicators was not
included under the Health Fund’s disbursements.

It was

included under General Improvement Bond Account.
TIFA's

15,723.94

The helicopter contract called for 100 hours min¬
imum guarantee at $60.00 per hour.

About 70 hours of this

was actually fogging time.

January 1. 1950 - July 15.

1950.

From the books of F. W. Burdick, Supervisor of
the town of Webb.
Fly Control
DDT and Sovacide
Helicopter and crew
TIFA crew
General Expenses
Total

|2,866.08
6,000.00

1,888.50
275.57
$11,030.15

A jeep pickup truck bought primarily to carry a
TIFA machine cost $1800.00.
during the rest of the year.
in 1949,

It is used as a town truck
The helicopter was used as

100 hours guaranteed at $60.00 per hour.

B 1

A list of locations in the central Adirondacks
where adult blackfly population collections and estimates
were made repeatedly during the spring and summer of 1950.

Outside of the control area:
Otter Lake
Indian Brook fire trail, beyond sprayed area
Townsend Pond Inlet
High Rock Pond Outlet
Garter Station
Raquette Lake
Moose River, near McKeever
Eaton Pond Outlet
Okara Outlet, in part
Inside the control area:
Old Forge
Thendara
Big Moose, in part
Hollywood Hills
Bald Mt. Pond Outlet
Constable Creek
Moose River, near Big Moose Lake
Third Lake Creek
Marginal control areas:
Salmon River
Loon Brook
Indian Brook
Eagle Creek
Okara Outlet,

in part

Town of Webb
Numbers of DDT Impregnated plaster of parls blocks used
in stream treatments

1948
none

1949
1000 blocks made up, at Higby's
300
"
used in Big Moose area
300
V
used in Old Forge-Thendara area

1950
1000 blocks made up , at Higby’s
It
300
used at Big Moose and Beaver River
it
tt
in Old Forge-Thendara area
130
ti
tt
in McKeever area
50

- D 1

Tax Commission Reoorts on Town of Webb
1946Area

466 square miles

Population

1785 (1930)

1373 (1940)

1357 (1920)

Assessed Valuation
| 6,694,787.00
4,287,964.00
#10,982,751.00

Land
Improvements
Total
Special Franchise
evaluation:

203,325*00

Equalized value of real property:

$9,524,418.00

Real Property Taxes
County
Town
School
Special Districts
Aggregate

$118,798.00
105,546.00
74,026.00
16,791.00

$317,976.00

Average rate per 1000

$43.20

Local taxes paid by New York State on state-owned lands:
150,922,959 acres
Taxes:

Valuation: $3,847,505*

$86,967*20 - more than a quarter of the total
for the town.
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